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M ost major hospitals in Canada have well established 
and effective infection control programs to identify and 

respond quickly to alert organisms, which are most likely to 
give rise to outbreaks. Some of the organisms most worrisome 
to clinicians are those that are resistant to one or more anti
microbials (1) . An example of alert condition surveillance for 
antibiotic resistant bacteria is the systematic laboratory-based 
ward screening for methicillin-resistant Staphylococcus 
aureus (MRSA) . Unfortunately, only a minority of nosocomial 
infections can be averted by this type of surveillance and, in 
order to improve overall surveillance and to enhance the po
tential for better prevention of infection, additional strategies 
are required as an adjunct to alert organism survey. Such 
targeted surveillance in defined subgroups of patients is con
ducted frequently in high priority/high risk areas such as 
intensive care, transplantation, renal dialysis, burn and oncol
ogy units. 

In late 1995, the medical community in Canada witnessed 
an outbreak of patient colonization with vancomycin resistant 
Enterococcus Jaecium expressing the VanB phenotype (see 
reference 2 for a recent review of glycopeptide resistance in 
enterococci) at the Toronto Hospital. A team led by Dr John 
Conly identified the resistant organism in 39 patients during 
targeted surveillance in a renal dialysis unit (3). Fortunately, 
in this incident only a single patient was actually infected and 
required treatment with teicoplanin. The outbreak has since 
been brought under control. Nevertheless, vancomycin resis
tant enterococci (VRE) , chiefly represented by EJaecium and 
Enterococcus Jaecalis , are becoming recognized as pre-emi
nent nosocomial pathogens of this decade in tertiary care 
hospitals, in both the United States and the United Kingdom 
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(4-6). This recent occurrence in Canada emphasizes that a 
constant state of readiness is essential in order to quickly 
identify these organisms and to implement appropriate infec
tion control precautions. 

Little is known about the origin and spread of VRE in 
Canadian hospitals that could be usefully applied to its pre
vention and control. At the same time, these organisms may 
cause life-threatening infections in some cases, especially 
those associated with expression of the VanA phenotype (2), 
for which few effective therapies are available. For these 
reasons, hospital infection control committees are being en
couraged to discuss this problem and to review the recommen
dations of the Hospital Infection Control Practices Advisory 
Committee for preventing the spread of vancomycin resistance 
(7) . Restricted use of vancomycin, rigorous infection control 
and continued vigilance appear to be the best options until we 
have a better understanding of the origin and spread of VRE. 
A recent editorial (8) summarized the initiatives in place to 
prevent the spread of VRE and expressed concern about the 
possible spread of resistance factors to other mulitresistant 
nosocomial pathogens such as MRSA. In the same issue of 
Clinica!Jrlfectious Diseases, Sydney Finegold (9) included a 
special editorial message, pointing out that enterococci are 
now the second most common cause of nosocomial infection 
next to Escherichia coli. 

In order to collect point-prevalence data on VRE in major 
Canadian hospitals to promote a national perspective, the 
Laboratory Centre for Disease Control (LCDC) is supporting, in 
collaboration with the Canadian Hospital Epidemiology Com
mittee (CHEC), a survey as part of its Canadian Nosocomial 
Infection Surveillance Program (CNISP). The history and scope 
of this program, in addition to others, were reviewed in a 
recent LCDC Report (10). The one-month survey was completed 
in early February 1996 and included six categories of high risk 
bed units. A total of 2 7 hospitals participated in the study and 
all VRE isolates collected will be fully characterized using a 
variety of phenotypic and genotypic methods in several partici
pating laboratories . 
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STUDYING THE ORIGIN AND SPREAD OF 
NOSOCOMIAL VRE 

It is becoming more important to understand, in biochemi
cal, genetic, ecological and evolutionary terms, the biological 
processes leading to emergence and spread of antimicrobial 
resistance phenotypes in bacterial populations. This knowl
edge is likely to play a key role in the development of practical 
solutions to problems of prevention and control of resistance, 
both by serving as a consensus scientific framework for dis
cussion and, eventually, by revealing the most effective points 
for intervention in the cycles of microbial colonization, infec
tion, reproduction and transmission that underlie the popula
tion dynamics of resistance. Such an approach will ultimately 
define and serve the needs of infectious disease 'surveillance' 
in the largest sense, where data describing spatial and tempo
ral patterns of incidence and prevalence of specific kinds of 
infections (eg, those caused by VRE) are made more deeply 
intelligible by drawing on a detailed understanding of the 
population biology of the pathogen in specific settings. 

An application of this approach comes from the 1996 CNISP 
VRE Point-Prevalence Survey mentioned above. In the CNISP 
survey, in addition to submitting any resistant isolates discov
ered during the survey period, the participating hospitals 
agreed to collect a broader sample of vancomycin susceptible 
enterococcal (VSE) isolates from up to six high risk bed units 
per hospital. These 'background' strain collections can be used 
(pending approval of and consensus among CHEC members) to 
address certain biological questions, for which a sample con
sisting only of resistant strains would be inadequate. Such 
questions fall into two basic categories, as explained below. 

First, very few details are known about the ecology of 
transmission of enterococci in hospital environments. It is 
known that enterococci (especially EJaecium and EJaecalis) 
are essentially ubiquitous human commensals, and that they 
tend to be environmentally hardy and thus highly likely to be 
capable of direct or indirect transmission through casual con
tact or by fomites. Beyond this, however, there are very few 
data on, for instance, how commonly new enterococcal strains 
are acquired by patients in various hospital settings (eg, inten
sive care units, oncology wards, transplant units) during their 
stay in hospital, or the patterns of strain sharing within and 
between bed units, hospitals, communities and geographic 
regions. Such information is not easily acquired, since it 
requires not only systematic sampling of patients' enterococ
cal flora in a spatially and temporally defined manner with 
standardized methods, but also sophisticated methods for 
measurement and statistical analysis of genetic relationships 
between sampled strains. The first of these requirements was 
fulfilled with the cooperation of participants in the CNISP VRE 
Point-Prevalence Survey, who were willing to collect VSE 
strains recovered from their hospitals during the survey pe
riod. (It is incidental, from the standpoint of the more general 
biological question asked above, that the sampling locations 
and time period are coincident with the four-week VRE Point
Prevalence Survey.) 

The second set of requirements can ultimately be fulfilled 
only by DNA sequence-based phylogenetic analysis of entero-
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coccal strain lineage relationships. In this connection, recently 
it has become clear (11-14) that bacterial populations, to 
varying and unpredictable degrees, are highly prone to 
parasexual 'horizontal transfer' of genetic material, causing 
their chromosomal DNA to comprise a mosaic of such horizon
tally transferred segments and other segments inherited 'ver
tically' from immediate ancestors in the usual manner. This 
mosaicism creates many theoretical and practical complica
tions for interpretation of genetic relationships between bac
terial strains belonging to moderately distant reproductive 
lineages. Specifically, when two strains are not genetically 
identical, the vertically inherited segments shared by the 
strains are the only ones that can yield a consistent and 
accurate picture of lineage relationships, and therefore help in 
understanding transmission patterns, but such vertically in
herited segments are by no means easy to identify a priori. 
With commonly used 'strain-typing' strategies, such as 
pulsed-field gel electrophoresis or multilocus enzyme electro
phoresis, which afford only a relatively sparse sampling of the 
bacterial chromosome and produce only a single binary or at 
best multistate data set for each sampled locus, it is impossi
ble to know which subset of markers at polymorphic loci has 
descended vertically and which has been transferred horizon
tally. The only kind of genetic data with the power to overcome 
such difficulties is DNA sequence or high density restriction 
maps, recovered from a sample of dispersed chromosomal loci 
that is large enough to establish a consensus phylogenetic tree 
and therefore to estimate more definitely strain lineage rela
tionships. Such a study, although by now carried out repeat
edly for well studied organisms such as E coli (12, 13), has 
never been published for any Enterococcus species. Exciting 
opportunities exist to carry out such studies on the VRE-VSE 
collection gathered from the CHEC-CNISP collaboration. 

The second kind of biological question that may be ad
dressed with DNA sequence data from a general sample of 
enterococcal strains concerns the origins ofVRE in relation to 
the VSE background. It is widely thought that the most com
monly occurring VanA and VanB phenotypes ofVRE depend on 
the presence of clusters of genes found on transposons; these 
transposons are capable of integrating into conjugative plas
mids and therefore, in turn, of being transferred between 
enterococcallineages (15). Thus, understanding the popula
tion dynamics ofVRE will require us to understand the (largely 
independent) population dynamics of, first, these two types of 
mobile DNA elements; second, the enterococcal chromosome; 
and third, the cell lineages that carry them, as well as interac
tions among these three phenomena. 

Genetic analysis of lineage relationships between VRE and 
VSE strains recovered during the CNISP survey at a similar 
time from the same patient, the same bed unit or the same 
hospital may afford a unique opportunity to gain insight into 
the specific circumstances surrounding the origin and spread 
of VRE. For instance, it may be the case that most VRE found 
in a given hospital at a given time, including those that may 
be recovered from 'healthy carriers', are more closely related 
to each other than they are to strains belonging to the VSE 
background in the same hospital, suggesting 'epidemic 
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spread' of strains. Alternatively, a vancomycin resistance phe
notype may be associated with a diversity of chromosomal 
backgrounds representing many phylogenetic lineages, sug
gesting perhaps extensive lateral transfer of mobile elements 
carrying genetic determinants of vancomycin resistance. 
These are just two simple scenarios among many possible 
patterns of relationship between VRE and VSE; of the two 
types of biological questions outlined here, this is definitely 
the more complex. 

The serious challenge presented to Canadian health care 
providers by the recent emergence and potential spread ofVRE 
justifies a coordinated, prospective, multifaceted approach, 
enlisting the efforts of members of hospital and government 
diagnostic laboratories , infection control specialists, epidemi
ologists and research scientists. Although not an integral part 
of a point-prevalence survey for resistant strains, contempora
neous collection of a general sample of enterococci from hos
pitalized patients has a strong potential to yield important 
benefits through a more detailed scientific understanding of 
the dynamics of strain transmission and resistance in entero
coccal populations. Finally, the results of these studies on 
enterococci may help to formulate a more widely applicable 
methodological model for the study of antimicrobial resistance 
in other nosocomial pathogens. 
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